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Since itching without rash frequently among older adults' population, study about skin properties of 
itching without rash is important to develop prevention methods. Therefore, this study explored the 
skin properties related to itching without rash and the factors associated with them. A correlation, 
predictive designs study was conducted at Indonesian Long-term Care (LTC) facilities. Skin properties 
including skin barrier function and skin inflammation were examined by photographs (macroscopic 
and microscopic), stratum corneum (SC) hydration, skin Potential of Hydrogen (pH), and skin blotting. 
Itching experience and skincare behavior were obtained by questionnaire. The itching-related skin 
properties and associated factors were analyzed. A total of 405 residents participated in this study, with 
mean age was 74 years. The prevalence of itching on the whole body was 69.1%, and 50.3% of those 
manifesting itching on the left forearm involved itching without macroscopic abnormalities (itching 
without rash). SC hydration, skin pH, albumin and nerve growth factor β (NGFβ) were associated 
with itching without rash (p = 0.007, 0.012, < 0.001, and < 0.001, respectively). Additionally, factors 
associated with skin properties were age, sex, sun exposure experience, skincare, and hygiene care 
in the linear regression analysis. Measurement of skin biomarkers using skin blotting was a possible 
objective measurement of itching skin properties without rash regardless of the environmental 
condition.

1. Introduction

Itching is a predominant skin symptom in older adults 
(1-3). While these adults who suffer from itching can 
express the need for treatment and skincare, those with 
cognitive impairment have difficulty expressing their 
discomfort. Health workers in long-term care (LTC) must 
detect itching from the skin appearance in such cases. 
Itching can be due to dermatological diseases (4) but 
may also occur without macroscopic skin abnormalities, 
making them difficult to be assessed in bedridden 
patients.
 Appropr ia te  t rea tment  requires  val id  skin 
examination (5). There is an objective skin assessment 
technique to measure skin properties (6). A study on the 
validity of skin blotting to test for the presence of itchy 

skin found that albumin, nerve growth factor β (NGFβ), 
and thymic stromal lymphopoietin (TSLP) are associated 
with itching (7). However, the association of these skin 
blotting biomarkers with itchy skin without rash needs to 
be examined.
 Early detection of skin conditions will help 
health workers to cure and prevent severe itching (8). 
Knowledge of the factors associated with the skin 
properties of itchy skin without rash is also important 
for planning preventative measures. Therefore, we 
conducted a dermato-epidemiological study of itchy skin 
to determine measures to prevent itching.
 As the triggers of itching differ among inflammation 
types, we planned to separately assess itching without 
rash-associated factors of each inflammation type and 
skin barrier functionality to identify intervention targets 
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for preventing itching without rash. Previous studies 
have reported an association between itching and factors 
such as age, sweat, sun exposure, season, and systemic 
disease (9-12). However, existing studies have focused 
on the general population and general itching but did 
not examine the factors associated with the properties of 
itchy skin.
 This study aims to examine the properties and 
associated factors of itchy skin without rash, including 
skin barrier function and inflammation status, in older 
adults at LTC facilities in Indonesia.

2. Materials and Methods

2.1. Study design and setting

This study used a correlative, predictive design. It 
clarified itching without rash among the older adult 
population (prevalence, skin properties, and factors 
related to those skin properties). The participant was 
older adults who stayed at three LTCs in Indonesia 
between January and September 2016. The current 
study was analyzed and reported after we confirmed the 
validity of skin blotting examination to detect itching on 
the skin of older adults (7).  These facil i t ies provide 
accommodation for physically and cognitively relative 
normal older adults and are funded by the government.

2.2. Study participants

All residents of the three LTCs constituted the study 
population. For sample size, we performed a power 
analysis based on the effect size of itchy skin in the 
preliminary study (alpha = 0.05, power = 0.80), along 
with the number of study variables. We recruited all 
older adults at the three LTCs to account for attrition. The 
inclusion criterion was age ≥ 65 years. The exclusion 
criteria were difficulty in communicating; clinically 
inappropriate (e.g., severe illness, total paralysis); 
memory difficulties; and participation in the preliminary 
study. A preliminary study was conducted among 35 
older adults to confirm the research protocols, tools, and 
skin examinations.
 All participants received an explanation of the study. 
Participants were told not to bathe or perform ablution 
30 minutes before the skin examination and not to use 
skincare/ointment products on that day. Residents in the 
LTC receive equal daily care, while residents who need 
medical treatment are transferred to the hospital.

2.3. Measurements

Measurement was conducted using the cross-sectional 
method. Data collection was performed by certified 
wound, ostomy, and continence nurse researchers. The 
nurse researcher was trained to perform skin blotting and 
other skin examinations.

 The study protocol was approved by the Research 
Ethics Committee of the Graduate School of Medicine, 
the University of Tokyo (11076). All procedures followed 
the Declaration of Helsinki. The presence of adverse 
events of skin examination was confirmed the day after. 
The principal investigator conducted the interviews and 
skin measurements. The researcher explained the study 
protocol and obtained written informed consent from all 
participants.

2.4. Investigation of itching

Information regarding itching was collected through a 
questionnaire based on the guidelines of the International 
Forum for the Study of Itch (13). We defined itching 
as the sensation of needing to scratch the skin. The 
questionnaire included the body parts affected (forearm, 
back, thighs, chest, legs, abdomen, instep, fingers, palm, 
groin), frequency of itching (daily, weekly, monthly), 
length/duration of daily itching (< 6, 6-12, and > 12 h/
day), intensity (mild, moderate, and severe), sensation of 
itching (pure itching, stinging, burning, mixed sensation), 
and scratch response to itching (rubbing, squeezing, skin 
pinching).

2.5. Classification of itching

The dermatologist diagnosed the skin disease based on 
the interview data and skin photographs (macroscopic 
and microscopic). In patients with itching, clinical signs 
such as scaly areas, inflammation, swelling, rash, leathery 
patches, crusting, visible sweat ducts, and dark colored 
patches of skin were assessed. The dermatologist defined 
normal skin, itching without rash, or other skin diseases 
such as xerosis, prurigo, miliaria, or eczema. The term 
"itching without rash" was used when participants who 
complained of itchy skin but had no skin signs while the 
term "normal skin" was used when the participants had 
no clinical signs or itching symptoms.

2.6. Skin properties

Skin property examinations, including macroscopic 
and microscopic examination, stratum corneum 
(SC) hydration and skin Potential of Hydrogen (pH) 
measurement, and skin blotting, were performed to 
evaluate skin inflammation and barrier function. We 
examined the skin on the outer side of the left forearm 
between the elbow and wrist. The selection of skin 
examination site was based on the skin blotting reliability 
and validity in a previous studies (7,14).
 Details of the skin examination procedure have 
been described elsewhere (7). Briefly, macroscopic 
examination using a digital camera (Samsung, Seoul, 
KOR) and microscopic examination (3R Systems, 
Fukuoka, JP) were performed. Photographs were taken 
three times for each forearm and included color charts. 
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reaction's reactivity, specificity, and linearity using 
dot blot and western blot samples. We used different 
amounts (0.2-200 ng) of full-length recombinant 
proteins for dot blot examination and cell lysate or 
tissue homogenate, including the target proteins, for 
western blot examination. We used only those antibodies 
whose specificity and dose-dependent immunoreactivity 
was confirmed in these examinations. Direct method 
using appropriate secondary antibodies labelled with 
peroxidase was used to detect albumin, while NGFβ, 
IL2, and TSLP using indirect method.
 We used SNAP i.d. 2.0 Protein Detection System 
(Merck Millipore, Billerica, MA) for immunostaining 
procedures. Then, immunoreactivity was visualized using 
chemiluminescent substrates for alkaline phosphatase 
(BioFX Laboratories,  Owings Mills,  MD) and 
peroxidase (Merck Millipore, Billerica, MA). Thereafter, 
a chemiluminescence imaging system (Liponics Inc., 
Tokyo, JP) was used to capture the signal. All process 
of immunostaining was conducted by a professional 
laboratory staff.
 Biomarker levels on the skin blot were quantified 
using ImageJ image analysis software (National Institutes 
of Health, Bethesda, MD). ImageJ separated the pictures 
into red, green, blue (RGB) color images. Then, the 
overlaying of corresponding bright field images by GNU 
Image Manipulation Program 2.6.5 was used to measure 
the area. The level of biomarker protein secretion was 
identified based on the signal intensity level on the skin 
blotting membrane using ImageJ. Skin blotting pictures 
were normalized with that of the positive control.

2.7. Participant characteristics and skincare behaviors

These were obtained through the questionnaires and 
medical records. Participant characteristics included age, 
sex, body mass index (BMI), literacy, cumulative lifetime 
sun exposure at work, and activities of daily living (ADL) 
using the Barthel Index (23,24). The cumulative lifetime 
sun exposure at work was calculated from the average 
daily sun exposure (hours) across 365 days for the total 
years of work (25).
 Skincare behavior (current and past) included 
bathing frequency and duration, body washing while 
bathing, clothing change frequency, and clothing type 
and material. Data on prevalence and experience of 
itching were collected using a questionnaire based on the 
International Forum for the Study of Itching guideline 
(13).

2.8. Statistical analysis

The prevalence of itching was described using frequency 
distributions and measures of central tendency. To 
confirm the skin properties of itchy skin without rash, 
we classified participants into 'itching without rash' and 
'normal skin' groups. The Mann-Whitney U test was 

From the photos and participants' itch symptoms, 
a dermatologist and certified wound, ostomy, and 
continence nurse researcher made the diagnoses. The 
participant data were blinded to the skin blotting results, 
without names. We diagnosed the skin for itch without 
abnormal skin appearance or with abnormalities such as 
dry skin, eczema, miliaria, or prurigo.
 After skin photography, we measured SC hydration 
and skin pH, SC hydration was measured using mobile 
skin moisture (Courage+Khazaka Electronic GmbH, 
Cologne, DE) and skin pH using Skincheck1 (Hanna 
Instruments, Woonsocket, RI). These measurements 
were performed three times, and the mean of those 
examinations was used. The mobile skin moisture was 
attached to the measurement site until a value appeared 
on the screen. Higher SC hydration levels indicated 
good skin moisture and skin barrier function (15). To 
measure skin pH, the SkincheckTM1 was attached to the 
measurement site after dipping in a neutral solution. 
The skin pH value is displayed on the screen. A natural 
skin surface was indicated by lower skin pH (4.7-< 5) 
(16).
 For skin blotting, the biomarkers were albumin for 
skin barrier function (17), nerve growth factor β (NGFβ) 
for epidermal inflammation (18), interleukin (IL) 2 for 
Th1 inflammation (19) and TSLP for Th2 inflammation 
(20). The presence of those biomarkers on the blotting 
membrane has been validated previously (7,14,17,21,22). 
We confirmed the validity of skin blotting for measuring 
albumin and NGFβ to detect itching of the skin in older 
adults (7).
 Skin blotting was developed as an objective skin 
assessment technique to measure skin biomarkers (6). 
To prepare the skin blotting kit, a piece of 1-cm square 
nitrocellulose membrane (Bio-Rad Inc., Hercules, CA) 
was attached with filter paper, gentle medical adhesive 
tape (Nitoms, Inc., Tokyo, JP), and adhesive tape. 
To attach the skin blot to the skin, a skin blotting kit 
pre-wetted with 50 µL of normal saline was attached 
with medical tape to the measurement site for 10 min. 
Participants were asked to limit movement of the 
measurement site. Thereafter, the blot was removed from 
the skin with a minimal stimulus. Then skin blotting kit 
was attached to filter paper. The collected membranes 
were kept dry and stored at 4°C until staining (6).
 For skin blotting analysis, we analyzed biomarkers 
for albumin, NGFβ, IL2, and TSLP. Skin blotting 
membrane was divided into two pieces, and each 
piece was subjected to immunological double staining 
according the host of antibodies. Therefore, we 
performed double staining for albumin (American 
Qualex Inc., San Clemente, CA) and NGFβ (Abcam Plc., 
Cambridge, UK) or TSLP (R&D Systems, Minneapolis, 
MN) and IL2 (Cell Signaling Technology, Inc., Danvers, 
MA) after blocking using Blocking One (Nacalai Tesque, 
Kyoto, JP).
 Before staining, we confirmed the antibody 
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used to compare skin properties between the groups. 
The Kruskal-Wallis and Mann-Whitney U tests were 
used to measure the association between participant 
characteristics and skin properties for categorical and 
continuous variables, respectively.
 To predict the associated factors of skin properties of 
itching without rash, multiple linear regression analyses 
were performed using skin properties as the dependent 
variable. Variables were simultaneously entered in the 
models based on the literature review; variables with p ≤ 
0.05 in univariate analysis were considered significant. A 
multicollinearity test was conducted before the variables 
were entered in the models, and the variance inflation 
factor was calculated. All analyses were performed using 
SPSS ver. 26 for Windows (IBM corp., Armonk, USA), 
and p < 0.05 was considered statistically significant.

3. Results

3.1. Participant characteristics and skincare behaviors

A total of 469 eligible residents were available in 
LTCs. We excluded 64 older adults because of severe 
psychological conditions, hospitalization, communication 
disorders, an inability to speak Indonesian or Java, and 
participation in a preliminary study. Of the remaining 
405 residents (response rate = 96.5%), 14 declined to 
participate, so 391 participants were included.
 As shown in Table 1, the mean age was 74 years 
and 61.6% were female. The proportion of independent 
older adults was 66.8%. For skincare behavior, 30.2% of 
participants had a skincare routine before moving into 
the LTC, with only 10.2% continuing thereafter. Overall, 
49.9% bathed ≥ 2 times/day, while 63.9% changed their 
clothes ≤ 1 time/day, implying that they wore the same 
clothing during the day and night.
 For the prevalence of itching, 69.1% had itching 
symptoms, which occurred mainly on the forearms 
(43.7%), back (40.7%), and thighs (34.8%). Older adults 
who reported forearm itching (n = 171) experienced it 
daily (95.9%).

3.2. Skin diagnosis and itching symptoms

Table 2 shows the left forearm diagnosis by a 
dermatologist. There were 193 participants who did not 
report itching and were diagnosed as having normal skin 
on forearm (Figure 1a). Of the 165 participants who 
reported left forearm itching, 50.3% were diagnosed 
with itching without rash on forearm (Figure 1b) and 
49.7% with other skin diseases because itching was 
accompanied by clinical signs on forearm (Figure 1c).

3.3. Itching-related skin properties

To identify the specific skin properties associated 
with itching without rash, we compared the properties 

between participants who had itching without rash and 
those with normal skin (Table 3). We excluded skin 
with other diseases (n = 115). Participants with itching 
without rash had significantly higher skin pH, albumin, 

Table 1. Participant characteristics (n = 391)

Items

Demographic factors
     Age (years)
     Sex (male)
     BMI (kg/m2)
     Barthel Index, (independent)
     Literate (yes)
     Cumulative lifetime sun exposure at work
     (hours)
Skincare behaviors
     Past skincare regimen (yes)
     Current skincare regimen (yes)
     Bathing frequency (≥ 2 times/day)
     Bathing duration (≥ 5 minutes)
     Wash body while bathing (yes)
     Clothing change frequency (≤ 1 time/day)
     Clothing type (short sleeves)
     Clothing material (cotton)
Itching experience*
     Itching perception on any part of body (yes)†:
          Forearm
          Back
          Thighs
          Chest
          Legs
          Abdomen
          Instep
          Fingers
          Palm
          Groin
Experience of left forearm itch ‡ (n = 171)
     Frequency (daily)
     Duration of symptoms (> 12 h/day)
     Intensity (moderate)
     Sensory (pure itching)
     Scratch response (rubbing)

BMI, Body Mass Index; SD, Standard deviation. * One participant 
had more than one itchy skin area. †Prevalence of itching in older 
adults. ‡The complete skin examination was conducted on the left 
forearm: Frequency (daily, weekly, monthly), Duration of symptoms 
(< 6 h/d, 6-12 h/d, > 12 h/d), Intensity (mild, moderate, severe), 
Sensory (pure itching, stinging, burning, mixed sensation), Scratch 
response (rubbing, squeezing, pinching the skin).

Mean ± SD or n (%)

74.3 ± 7.3
241 (61.6)
21.2 ± 3.3
261 (66.8)
172 (44.0)

79.210.1 ± 28.072.4

118 (30.2)
  40 (10.2)
195 (49.9)
299 (76.5)
308 (78.7)
250 (63.9)
344 (88.0)
377 (96.4)

270 (69.1)
171 (43.7)
159 (40.7)
136 (34.8)
126 (32.2)
114 (29.2)
110 (28.1)
102 (26.1)
  99 (25.3)
101 (25.8)
  85 (21.7)

164 (95.9)
  69 (40.4)
  87 (50.9)
155 (90.6)
169 (98.8)

Table 2. Skin diagnosis on left forearm by a dermatologist*

Items

Normal skin
Itching without rash
Xerosis
Eczema
Others†

No (n = 226)

 193 (85.4)
0 (0)

17 (7.5)
  4 (1.8)
12 (5.3)

* The dermatologist diagnosed the skin on the left forearm based 
on skin photographs (macroscopic and microscopic) and itching 
symptoms. For example, a participant had itching on their left 
forearm without skin signs. A dermatologist then diagnosed 'itching 
without rash'. †Other skin diseases: prurigo, miliaria, dry skin.

Yes (n = 165)

0 (0)
   83 (50.3)
   30 (18.2)
   44 (26.7)
   8 (4.8)

Itching symptoms n (%)
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and NGFβ (p = 0.012, < 0.001, < 0.001, respectively), 
and significantly lower SC hydration (p = 0.007) than 
those with normal skin.

3.4. Factors associated with skin properties of itching 
without rash

Differences in SC hydration, skin pH, and skin blotting 

findings based on the participants' characteristics were 
analyzed using univariate analysis (data not shown). The 
following associations were observed: SC hydration with 
past skin care (p = 0.001), bathing frequency (p = 0.002), 
bathing duration (p = 0.035), clothing change frequency 
(p = 0.038), and clothing type (p = 0.011); skin pH with 
past skin care (p = 0.018), bathing frequency (p = 0.004), 
and clothing change frequency (p = 0.031); albumin 
level with cumulative lifetime sun exposure at work (p 
= 0.046), past skin care (p < 0.001), bathing frequency 
(p < 0.001), and clothing type (p = 0.002); and NGFβ 
level with cumulative lifetime sun exposure at work (p = 
0.002), past skin care (p < 0.001), bathing frequency (p = 
0.012), and bathing duration (p = 0.016).
 In the multiple linear regression model (Table 4), 
the following associations were observed: SC hydration 
with clothing change frequency (β = 0.135, p = 0.029) 
and clothing type (β = − 0.139, p = 0.021); skin pH with 
clothing change frequency (β = − 0.137, p = 0.029); 
albumin level with age (β = − 0.130, p=0.044); and 
NGFβ with cumulative lifetime sun exposure at work (β 
= 0.145, p = 0.026) and bathing duration (β = − 0.151, p 
= 0.022).

4. Discussion

This study evaluated albumin and NGFβ levels using 
skin blotting as a novel method of assessing itching 
without rash. This contributes to understanding the 
pathophysiology of itching in older adults. High albumin 
and NGFβ levels indicated disrupted skin barrier function 
and epidermal inflammation associated with itching 
without rash. Furthermore, the association of albumin 
and NGFβ with bathing emphasized the importance of 
skincare and hygiene in keeping the skin healthy and 
preventing itching in older adults.
 The prevalence of itching in this study was 69.1%. 
The prevalence of itching in older adults was reported 
to be 6-42% in western countries (1). The relatively 
higher prevalence in this study was probably due to 
environmental conditions and racial skin property 
differences between western and Asian people (26). 
This study was conducted in a tropical region on the 
equator, with high temperatures and long sun exposure 

Figure 1. Macroscopic and microscopic photographs of forearm. 
(a). Normal skin: macroscopic photograph sample from participants 
without itching symptoms and skin disease signs. The microscopic 
photograph shows good skin structure, i.e., skin with hair and sweat 
glands, clear skin triangle line, and no scales. (b). Itching without 
rash: macroscopic photograph sample from participants with itching 
symptoms but no skin disease signs, i.e., no rash. The microscopic 
photograph shows bad skin structure, i.e., skin without hair and sweat 
glands, and no skin triangle line, but no scales. (c). Itching with other 
skin diseases: microscopic photograph sample from participants with 
itching symptoms and skin disease signs. In this case, a dermatologist 
diagnosed eczema. The microscopic photograph shows bad skin 
structure, i.e., skin without hair and sweat glands, unstructured skin 
triangle line, and with scales.

Table 3. Comparison of skin properties between the itching without rash and normal skin groups (n = 276)

Items

SC hydration 
Skin pH 
Albumin (ng), n = 257
IL2 (pg)
NGFβ (ng)
TSLP (ng), n = 257

Itching without rash (n = 83)

  66.0 (47.7-86.3)
5.0 (4.6-5.7)

    284.1 (206.2-536.4)
    337.8 (261.8-401.5)
    276.0 (207.7-393.0)

2.1 (1.7-2.4)

SC, Stratum corneum; IL2, Interleukin 2; NGFβ, Nerve growth factor β; TSLP, Thymic stromal lymphopoietin. Differences were compared using 
the Mann–Whitney U test.

Normal skin  (n = 193)

  76.3 (59.8-89.8)
4.8 (4.4-5.2)

    201.6 (145.8-265.3)
    334.2 (263.6-425.1)
    209.1 (161.9-332.2)

2.0 (1.8-2.3)

Median (Range)
p-value

   0.007
   0.012
< 0.001
   0.654
< 0.001
   0.900
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throughout the year. The residents have therefore 
experienced relatively long sun exposure, resulting 
in photoaging. Skin stimulated by sunlight releases 
histamine in epidermal cells (10), which may contribute 
significantly to skin inflammation and itching (27). 
More than half the cases of itchy skin in this study 
were diagnosed as itching without rash. Itching without 
rash shows no macroscopic abnormalities; therefore, 
caregivers overlook itching symptoms in older adults, 
especially if the affected individuals cannot report it 
themselves. Thus, these results emphasize the importance 
of an objective assessment tool for itching without rash 
in older adults.
 Skin pH, SC hydration, and albumin levels in skin 
blot are indicators of skin barrier functionality (17,28). 
As they were all associated with itching without rash, 
they are candidate tools for its objective assessment. 
The skin barrier consists of sebum, a corneocyte lipid 
envelope, and tight junctions of the stratum granulosum. 
Sebum, the lipid-rich substance secreted from the 
sebaceous glands, forms a hydrophobic thin layer on 
the skin's surface. Skin commensal bacteria hydrolyze 
sebum and release free fatty acids. As a result, the skin 
surface is kept in an acidic state to prevent the growth 
of pathogenic microbes (29). The corneocyte lipid 
envelope consists of ceramide and fatty acids and forms 
a lamellar structure overlying the water and lipid layers 
to restrict water and electrolyte leakage and prevent 
irritant invasion (30). The tight junction in the stratum 
granulosum plays an important role in the selective 
permeability of substances, including albumin (31).
 However, in this study, skin pH and SC hydration 
findings did not indicate impaired skin barrier function. 
These results were similar to those previously reported in 
healthy skin, although the results in the itching without 
rash group were significantly different from those in 
the normal skin group in this study (28,32). Lower SC 

hydration and higher skin pH significantly correlated 
with a low clothing change frequency and use of short 
sleeves. Skin with hair, scales, and sweat glands was 
significantly correlated with low cumulative lifetime 
sun exposure, doing skin care, low bathing frequency, 
and low clothing change frequency. These correlations 
suggested that stimulation with sweat, water, and sun 
exposure induced itching without rash (33). In contrast, 
skin blotting showed higher albumin levels in the itching 
without rash group than in the normal skin group, 
suggesting that this method could evaluate skin barrier 
function appropriately regardless of environmental 
conditions.
 Invisible skin inflammatory status was evaluated 
by skin blotting using NGFβ, IL2, and TSLP levels. 
NGFβ is a marker for epidermal inflammation, while 
IL2 and TSLP are markers of Th1-type and Th2-type 
inflammation, respectively. A higher NGFβ level was 
significantly related to the presence of itching without 
rash, whereas no significant difference was found 
between itchy skin without rash and normal skin in IL2 
and TSLP. NGFβ upregulates neuropeptides, especially 
substance P (SP) and calcitonin-gene-related peptide, in 
adult rat primary sensory neurons (34). Neuropeptides 
are involved in hypersensitivity itch sensation, and 
neurogenic inflammation also causes skin scratching 
(35). Furthermore, factors associated with a higher 
NGFβ level were bathing duration and cumulative 
lifetime sun exposure at work. These results suggest that 
itching without rash is induced by water exposure during 
hygiene care (aquagenic pruritus) (36) and sun exposure 
induces cutaneous inflammation (35). Hypo-osmotic 
shock by water exposure leads to cellular damage in the 
epidermis, and keratinocytes release NGFβ, inducing 
the elongation of C nerve fibers in the epidermis and 
resulting in hypersensitive itching (18,37). Our findings 
showed that the skin blotting examination of NGFβ is a 

Table 4. Multiple linear regression analysis predicting associated factors of skin properties of itching without rash

SC, Stratum corneum; NGFβ, Nerve growth factor β. Sex: 0 = Male, 1 = Female, Cumulative lifetime sun exposure at work (hours): 0 = ≤100,000 h, 
1 = ≥ 100,001, Bathing frequency: 0 = ≤ 1 time/day, 1 = ≥ 2 times/day, Bathing duration: 0 = ≤ 5 minutes, 1 = > 5 minutes, Clothing change 
frequency: 0 = ≤ 1 time/day, 1 = ≥ 2 times/day, Clothing type: 0 = Long sleeves, 1 = Short sleeves. β: standardized partial regression coefficients; 
R2: coefficients of determination.

SC hydration
(n = 276)

Items

Age (years)
Sex 
Body mass index (kg/m2)
Barthel Index
Cumulative lifetime sun exposure at work (hours)
Current skincare regimen
Bathing frequency
Bathing duration
Clothing change frequency
Clothing type
R2

Adjusted R2

P

β

 0.020
 0.075
 0.077
-0.028
 0.045
 0.026
 0.109
 0.098
 0.135
-0.139
 0.092
 0.058
 0.004

p

0.746
0.220
0.193
0.668
0.479
0.678
0.094
0.129
0.029
0.021

β

 0.106
-0.084
-0.049
 0.061
-0.013
-0.067
-0.059
-0.038
-0.137
 0.092
 0.077
 0.042
 0.017

p

0.087
0.177
0.411
0.353
0.837
0.282
0.368
0.557
0.029
0.130

β

-0.130
 0.061
 0.057
 0.081
 0.118
-0.023
-0.134
-0.054
 0.116
 0.056
 0.082
 0.045
 0.018

p

0.044
0.341
0.358
0.237
0.076
0.727
0.051
0.423
0.072
0.370

β

-0.055
 0.031
 0.014
-0.024
 0.145
-0.039
-0.040
-0.151
-0.003
 0.015
 0.058
 0.023
 0.095

p

0.378
0.620
0.823
0.716
0.026
0.533
0.546
0.022
0.958
0.806

Skin pH
(n = 276)

Albumin
(n = 257)

NGFβ
(n = 276)
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possible assessment tool for itching without rash.
 In this study, the multiple linear regression model 
analysis revealed the association of skin properties 
of itching without rash with sun exposure, bathing 
frequency, bathing duration, and clothing change 
frequency. These findings implied the importance of 
skincare and hygiene care for preventing itching without 
rash. Future studies should be based on longitudinal 
designs to test the association direction and further 
potential presence of itching without rash.
 Certain limitations of this study should be mentioned. 
First, this study was conducted in LTCs in a city without 
randomizing selection. Nevertheless, we assumed that 
public LTCs have the same standard of care, thereby 
reducing bias due to non-randomization. Second, 
for participants without itching on their forearm, we 
performed skin examinations only on the left forearm. 
In the previous study, we confirmed that normal skin on 
both forearms have similar skin properties (7,14).
 In conclusion, the prevalence of itching was 69.1%, 
and approximately half these cases were diagnosed as 
itching without rash. Albumin and NGFβ in skin blotting, 
SC hydration, and skin pH were significantly correlated 
with itching without rash. The skin properties of pruritic 
skin were significantly correlated with skincare; hygiene 
care practices, including bathing and changing clothes; 
and aging and sun exposure. However, further studies are 
needed to reveal which skincare regimes and maximum 
duration of water exposure are compatible with hygiene 
care for older adults' skin. Measurement of albumin and 
NGFβ levels using skin blotting was identified as an 
objective and non-invasive assessment method. Thus, 
albumin and NGFβ are appropriate biomarkers for 
itching without rash.
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